Superplastic forming (SPF) is a near net-shape forming process which offers many advantages over conventional forming operations including low forming pressure under low flow stress, low die cost, more design flexibility, and the ability to shape hard metals to form complex shapes. However, low production rate due to slow forming process and limited predictive capabilities provides lack of accurate constitutive models for superplastic deformation, treated as an obstacle to the widespread use of SPF. Recent advancements in finite element tools have shown while analyzing the complex superplastic forming operations. These tools can be utilized successfully in order to develop optimized superplastic forming techniques to develop the future materials.To present the discussion mentioned above an analysis of superplastically formed front Fender car panel using HYPERFORM 9.0 software is elaborated here. Present work consist of a finite element simulations of superplastic forming of aluminum 5182 & 8090 alloy sheet in to the front fender panel of car is carried out at 460 0 C-500 0 C temperature to estimate the pressure tonnage, % thinning & major & minor strain in terms of FLD curve. Further analysis is carried out by increasing the blank holder pressure & compares the results from different pressure levels (low, medium & high), by considering better pressure level comparison of Al alloy 5182 sheet to the Al-Li alloy 8090 sheet has been explained. The major objective of present paper is to introduce the future material as a substitute in automobile industries.
Introduction
Aluminum automotive components made using a hot blow forming process are reducing vehicle weight and increasing the fuel efficiency of today's cars. However, before General Motors (GM) and the Department of Energy (DOE) sponsored research in this technology, blow forming of aluminum was not a viable process for automakers. The prior blow forming process called superplastic forming (SPF), was not suitable for the industry's high-production-rate demands, and the materials required for SPF were too expensive three times the cost of standard, non-SPF, aluminum sheet metal. Therefore, bringing SPF to the automotive industry required developing low-cost SPF alloys and faster forming cycles. Reducing the cost of SPF alloys also required demonstrating the viability of SPF to both the automotive and aluminum industries. DOE initiated a program of joint-funded research between GM and Kaiser Aluminum, with the Pacific Northwest National Laboratory (PNNL) providing a catalyst to encourage GM to develop aluminum blow forming processes. Based on early research, General Motors recognized the inherent limitations of superplastic forming and moved forward with the commercialization of an advanced blow forming process, called Quick Plastic Forming. The result is cost effective, higher-volume manufacturing technology that is producing lightweight components for today's automobiles. [1] With the recognition of environment, all the governments have the strict standard of the letting epilogue. So, reducing the heavy is becoming the key of automobile development. One of the means of reducing the heavy of automobile is using the aluminum alloy and magnesium alloy. Aluminium, for its low density compared to steel, is the most promising material for achieving weight savings in future automotive body structure. Aluminum alloy has larger springback and the lower plasticity; all of characters are difficulty for the stamping of complex shape of aluminum alloy car. As well known, aluminum alloy is one of the superplastic materials which have longer elongation and no spring back under the superplastic state [2] . These advantages of superplasticforming (SPF) process are the possibility to realize very complex part in one single operation and the low tooling costs [3] . According to the capability of aluminum alloy and the advantages of SPF, a study of Finite Element Analysis (FEA) of superplastically formed front fender of aluminum alloy has been carried out. Considering the cost of the formed part, a commercial aluminum alloy sheet 5182 i.e. its material properties, which are used in FEA of stamping process of car panels, is selected as analytical material. The front fender of an all aluminum micro car is shown in the Fig.1 . The dimension of the front fender is 916mm×181mm×710mm. [4] 
Superplastic Behaviors of 5182 Commercial Aluminum Alloy Sheet
Aluminium sheet for automobile body-in-white application have been used since the early days of car and aluminum production. In the time of increasing mass production and low cost priorities, however, steel has taken over the lead. But increasing fuel prices, CO2 regulations and additional comfort and equipment loads lead to a strong tendency for light weighting. But an aspects of comfort and sportive driving helps to promote innovations in light weight design and engineering, predominantly in Western Europe. [5] The main aluminum alloy classes for automotive sheet application are the non-heat treatable Al-Mg (EN 5xxx series) and the heat treatable Al-Mg-Si(EN 6xxx series) alloy system, some especially tailored by variations inchemical composition and processing, e.g. Al-Mg alloys optimized for strength and corrosion resistance for use in chassis or Al-Mg-Si alloys applied for autobody sheets have been improved for formability, surface appearance and age hardening response. The specific properties and principal differences are illustrated in Figure 3 [5] . The effects of varying alloy additions and process parameters are well developed for enhanced performance and efficient manufacturing. [5] 
Superplastic Blow Forming
Blow forming is a pressurized forming process which is widely used to produce complex shapes using superplastic alloys. The various steps involved in the blow forming process are shown in Figure 4 [6] . In this process the sheet is tightly clamped around its periphery and gas pressure is applied on its surface. An inert atmosphere is required in the forming chamber, and argon gas is generally used for both pressurization and maintenance of protective atmosphere. Predetermined pressuretime profile is used to achieve complete adaptation of the metal sheet to the die surface at a controlled rate of deformation. [6] During the initial stage of deformation the sheet is not in contact with the die. Deformation in this stage is concentrated at the pole. Consequently greatest strain occurs in this region during this stage. Once the pole comes in contact with the surface of the die, the material is locked due to friction. This prevents further deformation. The remaining free region continues to deform until complete contact with the die occurs. The corners of the die are usually the last to be filled, causing greater strain to occur in these regions, consequently theses regions are more prone to failures. [6] Figure 4: Superplastic blow forming process [6] 
Numerical Simulation of SPF Process
Finite element method is a numerical procedure for analyzing a wide range of problems that are too complicated to be solved satisfactorily by classical analytical methods & tools. Since the early 1950's to present, enormous advances have been made in the application of the finite element method to solve engineering problems. Finite element method models a structure as an assemblage of small parts (elements). Each element is of simple geometry and therefore is much easier to analyze than the actual structure. [7] The steps involved during finite element method with respect to Superplastic forming analysis using Hyperform 9.0, are listed below.
1. As the first step of processing is design, a geometric design of the die surface geometry has been designed with the help of CATIA V5 17 is shown in Fig.5 . Based on the feasibility and the shape of the formed product, choice has to be made between a 3-D solid model & 3-D Surface model. This is essential to obtain accurate results with low computational cost. Complex assemblies & geometries can be generated using specialized modeling software's and these models can be imported into the finite element analysis software as an IGES file format i.e., in the hypermesh software. 
Where, TS=Tensile strength YS=Yield strength 4. Assign the initial boundary conditions. This involves constraining all the degrees of freedom of the nodes associated with the clamped portion of the sheet.
5. Apply the loads associated with the complete finite element model. In the case of Hyperform specify the blankholder, friction &blankholder pressure level (high, medium & low) on the elements of die where the sheet is clamped. Also apply temperature load of 450 0 C [4] to the all elements of component.
6. Before running the problem save it properly with .hm file The advantages associated with finite element analysis are its ability to model & analyze the irregular shaped bodies, handle general load conditions, handle unlimited number and kinds of boundary conditions, alter the finite element model relatively easily and cheaply, include dynamic effects and handle nonlinear behavior existing with large deformation and nonlinear materials. These advantages make it an ideal Hyperform tool for the analysis of superplastic metal forming process.
Results & Discussion
In order to estimate rationality of the designed surface geometry, a numerical simulation of superplastic air bulging of the front fender is carried out. One of the main results in a forming analysis is the percent thinning of a component after it has been superplastically formed. Usually if a part exceeds 30% thinning it can start to split resulting in failure of the component. This is one of the main problems in the forming of sheet metal components. A simulation can be used to determine the percent thinning of components. Fig. 7 shows the results of the percent thinning of a front fender that was analyzed using RADIOSS and HyperForm. Element percentage thinning values are positive when material thins out. The simulated result of the wall thickness distribution is shown in Fig. 8 . From the figure it can be seen that the maximum wall thickness of the formed part is 0.704mm (initial thickness =1.0 mm). This result shows that the deformation capability of the provided Al alloy sheet can satisfy the requirement of the superplastic air bulging of the fender. In order to get the better thickness distribution of the formed part the die surface modification is required. The Effective stress is the average normal force per unit area transmitted directly from particle to particle also known as Effective Pressure. From the Table no. 4 the results & comparison between two alloys from analyzed contours, there is a only change in themaximum and minimum effective stress. The Effective pressure of 5182 Al-Mg alloy gives 591MPa and 8090 Al-Li alloy gives 818MPa. Al-Li alloys need more pressure for achieving this shape. Therefore effective pressure required is more.
After comparing the analyzed results of two materials, the estimated applied pressure for 8090 Al-Li alloy at high blankholder pressure is 0.325E+02. This is greater than the pressure of 5182 Al-Mg alloy. Hence the Al-Mg alloy is more superplastic than 8090 Al-Li alloy as shown in table no.3. From the FLD (Forming Limit Diagram) curve there are two elements are above the FLD limit line means two elements are failed at these three blankholder pressure levels is shown in fig no. 9. This gives a measure of the relative tension & compression at each element on the blank surface. Forming limit curves (FLC) to be used for the evolution of formability at the end of analysis. Fig.10 shows formability contour it shows that maximum elements are safe which are in green color. Hyperform shows required pressure for superplastic forming process by giving the material properties, boundary conditions, constraints & other details required for it. 
Conclusions
The Finite Element Analysis is carried out to understand and optimize the superplastic behavior of 5182 & 8090 aluminum alloy. FEA shows that the commercial 5182 aluminum alloy sheet has certain extent of superplasticity and can be used for forming of car panels. Estimated pressure at high blankholder pressure is 0.128e+02 tons. High blankholder pressure shows better results. The maximum wall thickness of the formed part is 0.704mm which is (29.6%) well below 30% of thinning. High blankholder pressure level is good at effective constant strain rate is 3.32E-03.
The 5182 Al-Mg alloy is more superplastic than 8090 Al-Li alloy. The effect of superplastic forming at various blankholder pressures of the formed product is observed. For weight reduction of automotive component aluminum can be a major candidate, however superplastic forming (SPF) should be used to enhance the productivity. 
